Abstract: We used a nested case-control design with study participants sampled from two cohorts, for a total of 2,198 elderly people 65 years or older and completed cognitive tests between 1993 and 1997, to assess the association between an individual's lifetime principal occupation and the subsequent risk of cognitive impairment. Cases consisted of 290 older adults with impaired cognitive functioning. For each case, two controls with comparable age (within 5 years) and sex frequencies were randomly sampled from the seniors free of cognitive impairment. Occupational data were collected through interviews. Individual's job content was coded into one of the occupational categories or the occupationbased social classes. Compared to those who were former legislators, government administrators, or business executives and managers, a significantly elevated risk of cognitive impairment was estimated for those who were employed as agriculture/animal husbandry/forestry/fishing workers (odds ratio (OR)=3.2), craft and related trades workers (OR=2.2), plant and machine operators and assemblers (OR=14.7), workers of elementary occupations (OR=3.2), or housekeepers (OR=2.6). We also observed health inequalities in the risk of cognitive impairment across social classes with a significant doseresponse trend in which unskilled blue-collar workers had the highest risk. After adjustment for education, we still observed an inverse relationship between risk of cognitive impairment and occupational class. This may mean that lifetime longest-held occupation is more intimately involved in the causal pathways leading to cognitive impairment. Further studies that collect information on specific work hazards would help make specific interpretations of the observed effect of lifetime longestheld occupation in early adulthood on risk of cognitive decline in late life.
Introduction
Age-associated loss of physical or cognitive ability is highly correlated with the decline in quality of life and the increase of mortality among the elderly 1, 2) . In an attempt to maintain vitality and resilience into old age, many studies have been conducted to search for factors to predict risk of physical and/ Industrial Health 2002, 40, [7] [8] [9] [10] [11] [12] [13] impairment and ultimately prevent early death. Among the potential predictors for cognitive decline only age and family history of dementing illness have been clearly implicated 4) . Additionally, education has consistently been reported to be inversely associated with cognitive decline, and individual's socioeconomic status has been frequently implicated for the cause of such association [5] [6] [7] [8] [9] [10] . Because occupation is an important indicator of socioeconomic status 11) , it should also be of interest to further assess the effect of socioeconomic status on cognitive function.
This study aims to address the following two questions. 
Materials and Methods

Design and participants
We used a case-control design where participants were sampled from two cohorts for a total of 2,198 elderly people. The first cohort consisted of 1,583 elders (≥65 years) who were residents in the four districts of Taipei metropolitan area and completed an annual interview on their cognition status between 1993 and 1997. The second cohort (n=615) was sampled in 1996 from elders in the same area to supplement the size of the 1993-1997 longitudinal study. We used the Short Portable Mental Status Questionnaires (SPMSQ) to assess the study participant's cognitive functioning 12) . All study participants were assessed twice. The study participants of the first cohort were assessed in both 1993 and 1997 whereas the seniors of the second cohort were assessed in 1996 and 1997, respectively. Those with more than five errors out of ten SPMSQ questions were considered cognitively impaired. Seniors with at least one episode of cognitive impairment during the follow up were considered cases of cognitive impairment. According to the criteria, 290 seniors were identified as "cases". Of them, 31 were prevalent cases who were screened as cognitively impaired at the initial interview and 259 were incidence cases during the follow-up period. For each case, we randomly sampled two "controls" with comparable age (within 5 years) and sex frequencies from the pool of elders without suffering from cognitive impairment.
The reason why we choose the SPMSQ is that this particular scale is intended to offer a rapid screen for cognitive deficit in the community-dwelling elderly 13) , which is quite useful for epidemiological studies that usually require large sample size. With respect to the reliability of the SPMSQ, several studies have presented four-week test-retest reliabilities ranging from 0.81 to 0.85 and an internal consistence coefficient alpha of 0.83 14) . The SPMSQ has also been compared to clinical ratings of dementia in numerous studies. As validity was expressed as correlations with clinical ratings, the SPMSQ scores correlated 0.63 with a psychiatric diagnosis of chronic brain syndrome; the correlation was 0.79 with a clinical dementia rating, comparable to the 0.81 obtained from the Blessed Information-Memory-Concentration test 14) .
Information on longest-held occupation in a lifetime
In 1997, we collected information on lifetime occupations through interviews. The next-of-kin was allowed to provide proxy information for all cases (n=290), deceased controls (n=66), and controls who were too sick or distracted to respond (n=59). Two investigators independently reviewed each participant's work history and categorized the longestheld occupation into one of the eleven occupational categories: legislators/government administrators/business executives and managers; professionals; technicians and associate professionals; clerks; service workers and shop and market sales workers; agricultural/ animal husbandry/ forestry and fishing workers; craft and related trades workers; plant and machine operators and assemblers; elementary occupations; servicemen; and housekeepers. The occupational classification was based on the Standard Occupational Classification System (SOCS) established by Taiwan legislators for which the inter-rater reliability has been substantial using a 4-digit system 15) . The first digit in the series represents the broadest job category while the subsequent digits are indicative of more specific details. The job-title classification was based on the agreement of the two raters. Any classifications with disagreements were reviewed again and the job-titles reclassified based on the consensus of the two raters. We further re-categorized individual's longest-held job into an occupation-based social class scheme that consists of four levels of social classes indicated by the hierarchy of skill: higher level white-collar workers, lower level white-collar workers, skilled blue collar workers, and unskilled blue collar workers. Because housekeepers and self-employers are not indicated by any of the four social classes, we excluded these two occupational categories from the analysis of the social class-cognitive impairment association.
Statistical analysis
The data analyses compared the distributions of baseline characteristics between cases and controls, then the independent effect of occupational category or occupationbased social class on the risk of cognitive impairment was assessed, using multivariate unconditional logistic regression technique and included several potential confounders. The analyses comparing the eleven occupations were carried out relative to the arbitrarily selected occupation category, i.e., legislators, government administrators, business executives and managers. We therefore conducted a test for heterogeneity, using the Woolf's method with a degree of freedom of 10 16) , among relative risk estimates for eleven selected occupation categories to provide an overall significance in heterogeneity between relative risk estimates. The dose-response relationship between social class and cognitive impairment was assessed using a multivariate logistic regression model with social class coded from one to four. As we simultaneously included both educational level and longest-held occupation or occupation-based social class in the multivariate regression model, a potential numerical problem concerns "collinearity" between covariates, rendering estimated regression coefficients invalid. To investigate this question, we carefully examined our analytical results and found that "collinearity" should not be a concern in our data in that the multivariate logistic regression model that includes both variables of "educational level" and "occupation-based social class" (or "longest-held occupation") has no very large estimated slope coefficients and estimated standard errors 17) . Statistical analyses were performed with SAS ® statistical package 18) . Table 1 shows the demographic and lifestyle characteristics of the participants. Compared with controls, cases tended to be older, less educated, and less likely to be accompanied by spouse. Controls were somewhat more likely to smoke cigarettes, drink alcohol, and attend physical exercise on a regular basis than cases. Additionally, the prevalence of chronic medical conditions was very similar between cases and controls. Occupational data showed that the time period of employment for the longest-held occupation was more than 40 years for more than half of study participants. Only 3.1% of cases and 4.5% of controls held their longestemployed occupations for less than 10 years. Table 2 shows the crude and adjusted odds ratio (OR) and 95% confidence interval (CI) for risk of cognitive impairment by occupational categories. Compared to legislators/government administrators/business executives and managers (reference category), a number of occupations showed a significantly elevated risk of cognitive impairment. These occupations included agricultural/animal husbandry/ forestry and fishing workers (OR=3.2, 95% CI=1.6-6.7), craft and related trades workers (OR=2.2, 95% CI=1.1-4.5), plant and machine operators and assemblers (OR=14.7, 95% CI=2.9-75.6), elementary occupations (OR=3.2, 95% CI=1.4-7.0), and housekeepers (OR=2.6, 95% CI=1.3-5.3). Despite that certain occupations showed relatively higher risks of cognitive impairment, the test for heterogeneity suggested no overall significance in difference between relative risk estimates. Table 3 shows the crude and adjusted OR and 95% CI for risk of cognitive impairment by occupation-based social class. The risks for unskilled blue collar workers was 2.4 times (95% CI=1.3-4.5) and for self-employers was 2.6 times (95% CI=1.4-4.9) (not shown in Table 3 ) higher than that of higher level white-collar workers. Risks were moderately elevated among former lower level white-collar workers and skilled blue-collar workers. Trend analysis of the relative risk estimates suggested a significant dose-response relationship (p=0.007) between social class and risk of cognitive impairment. Analyses stratified by gender or limited to incident cases of cognitive impairment yielded essentially similar results.
Results
Discussion
In recognition of the pivotal role that declining cognitive function plays in maintaining good quality of life, the identification of the segment, among of elderly population, who are at higher risks of cognitive impairment is of great public health importance. Non-intellectual workers and housekeepers in this study are at higher risks of cognitive decline. Our study also provides further evidence of higher risks of cognitive impairment among persons holding inferior positions within the social class hierarchy. As compared to the highest position, all of the three lower positions showed higher risks of cognitive impairment with the relative risk estimates ranging from 1.2 to 2.4. The gradient in risk also monotonically increased with a decrease in social class position.
These findings are with certain qualifications. First, we used a nested case-control design which is more efficient in collecting exposure information and less likely to be subject to selection bias 19, 20) . Second, the longest-held occupation in early adulthood is always ahead of the development of functional decline in old age, which allows a causal interpretation of the results in terms of the time sequences. Third, we conducted face-to-face interviews to collect the information of lifetime employment and to identify the longest-held occupation for each participant. The use of longest-held occupation rather than cross-sectional information may best reflect one's lifetime employment, and would help disclose the influence, if any, of occupation on cognition. Although we allowed proxy information of a Odds ratios were calculated from unconditional logistic regression models with adjustment for age, sex, education attainment, marital status, cigarette and alcohol consumption, exercise, co-morbidity, and length of employment for lifetime longest-held occupation. b Reference category.
c Based on Taiwan's standard occupational classification system, the category of elementary occupations includes a total of 15 occupations including: sanitation workers, construction workers, assembly workers, meat packers and producers, telephone sales, domestic helpers and cleaning workers, business and public cleaning staff/personnel, doorkeepers, meter readers, street food vendors, street vendors (non-food products), shoes shining/car wash workers, caretakers, dry cleaning and launders, messengers/package/luggage porters and delivers.
occupation for all cases and a large number of controls, this approach was unlikely to compromise the validity of exposure information since the participant's occupation can be easily recalled by the next-of-kin. Finally, we made through adjustment for various potential confounding factors including age, sex, educational attainment, marital status, smoking, exercise, and co-morbidity.
With exception of the study by Callahan et al. 5) that found white-collar occupation to be associated with cognitive impairment, most studies showed results similar to ours, i.e., an inverse relationship between employment grade and risk of cognitive decline [6] [7] [8] [9] 20) . Because these studies used various measures to assess cognitive performance, the observed associations between lower employment grade and poor cognitive performance may imply different underlying causes of adverse cognitive performance. The SPMSQ has been used to detect organic intellectual impairment and determine its degree 12, 21) . In the literature, there were two other studies that explored determinants for the poor SPMSQ score 6, 9) . Katzman et al. 6) found that both education and occupation remained significant predictors for SPMSQ score, and Berkman et al. 9) also disclosed a higher risk of lower SPMSQ among subjects with lower incomes and less educational attainment. Both studies thus regarded their findings as implications that lower socioeconomic status is a strong predictor of deficit in organic intellectual impairment. Given these consistent research findings and the methodological strengths of this study, the results of this study suggest real phenomena of inequalities in organic intellectual impairment across social classes that demand attention from both research and policy. Certain occupations have been found to be associated with poor cognitive performance. These occupations include farm workers, domestic service employees 8) and realistic occupations such as trade, technical, and some service occupations 22) . These findings are similar to ours. Because housekeepers are usually not considered as an occupation, their relation with cognitive impairment has rarely been assessed. Our analysis showed a higher risk of cognitive impairment in unemployed women, which deserves further studies for more specific interpretations.
The independent relation of cognitive impairment with certain occupations and social class can be interpreted in two ways. First, occupation related hazards may have played a role in the causation of cognitive impairment. Certain chemical and physical hazards at workplaces have been analyzed in relation to subsequent risk of cognitive impairment. For example, an excess Alzheimer's disease was found in occupations with elevated exposure to powerfrequency electromagnetic fields 23, 24) . The literature also suggested that exposure to organic solvent 25) and head trauma 4, 25) are risk factors for cognitive decline. The above work related hazards are believed to be more prevalent in blue-collar workers than in white-collar workers. Because we have no information on the work characteristics for each study participant, our data can't be further analyzed for the association between specific work hazards and cognitive impairment.
Second, occupation could be a better long-term predictor of cognitive decline than education. Research has indicated that age 4-8, 10, 19, 25) , sex 6, 8) , education [5] [6] [7] [8] [9] [10] , occupation [6] [7] [8] [9] 20) , alcohol and drug abuse 26) , and various illness measures 7, 27, 28) were correlates of cognitive decline. As these factors were included in the multivariate analysis, occupational class remained a significant predictor for cognitive impairment in the study. Besides, in the multiple-regression equation occupational class (four levels) showed a greater standardized regression coefficient (|β|=0.22) than education (eight levels, |β|=0.09). Thus, we consider occupational class as a more important predictor of cognitive impairment than 29) . These findings may suggest that occupation be more intimately involved in the causal pathways leading to cognitive decline.
The causes of cognitive impairment are complex and both individual and environmental factors may affect the risk of cognitive decline. Because we made through adjustment for various non-occupational potential risk factors for cognitive impairment, our study results tend to suggest a potential for the independent effect of lifetime longest-held occupation on risk of cognitive impairment. As a single indicator of social class, our analysis also suggested that occupation in adulthood is a better discriminator of socioeconomic inequalities in cognitive impairment than education. Further studies that collect information on specific work would help make specific interpretations of the observed effect.
